CT/ SE 00 / 0 1 3 3 ^ 



PRV 



si" o o/ /i^^-ii 




PATLNT- OCH REGISTRERINGSVERKET 

Patentavdelningen 



R^C D 0 6 SEP 2000 



Intyg 

Certificate 



WlPO 



PCT 



Harmed intygas att bifogade kopior overensstammer med de 
handling ar som ursprungligen ingivits till Patent- och 
registreringsverket i nedannamnda ansokan. 

This is to certify that the annexed is a true copy of 
T }^§ ddCm^nLB JJi. ' originally fllyil with th m ratent mnd — 
Registration Office in connection with the following 
patent application. 

(71) Sokande Borealis Polymers OY , 06101 Borga FI 

Applicant (s) 

(21) Patent ansokningsnummer 9902510-8 
Patent application number 



(86) Ingivningsdatum 1999-07-01 
Date of filing 



Stockholm, 2000-08-17 



For Patent- och registreringsverket 
For the Patent- and Registration Office 




Asa Dahlberg 



Avgift 
Fee 



PRIORITY 
DOCUMENT 



SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PATENT- OCH 
REGISTRERINGSVERKET 

SWEDEN 



Postadress/Adress Tel efon/ Phone 

Box 5055 +46 8 782 25 00 

S-102 42 STOCKHOLM Vx 08-782 25 00 



Telex 
17978 

PATOREG S 



Telefax 

+ 46 8 666 02 86 
08-666 02 86 




1 

AJVJ INSULATION COMPOSITION FOR AN RT.PtrTRIC POWER CABLE 



F;ield of t h^ invention 

The present invention relates to an insulating com- 
position for an electric power cable which comprises a 
5 crosslinkable ethylene polymer. The present invention 

also relates to an electric power ca5i& ecmpimiiiy a luu- 

due tor surrounded by an inner semiconducting layer, an 
insulating layer, and an outer semiconducting layer 
Background of th^ invention 
10 Electric power cables for medium voltages (6-69 kV) 

and high voltages (> 69 kV) normally include one or more 
metal conductors surrounded by an insulating material 
like a polymer material, such as an ethylene polymer. In 
power cables the electric conductor is usually coated 
15 first with an inner semiconducting layer followed by an 
insulating layer, then an outer semiconducting layer 
followed by water barrier layers, if any, and on the out- 
side a sheath layer. The layers of the cable are based on 
different types of ethylene polymers which usually are 
20 crossl inked. 

A power cable of the above type is normally produced 
in the following way: 

Three layers, one inner semiconductive layer, one 
insulating layer and one outer semiconducting layer, are 
25 extruded onto a conductor using a triple head extruder. 
In this construction the insulation layer is imbedded 
inbetween the semiconductive layers like a sandwich con- 
struction. The insulation layer itself is normally one 
single layer. The thickness of the different layers 
30 depend on the gradient and the rating that the cable is 
exposed to. Typical values for the thickness of a MV/HV 
(medium and high voltage) construction are the following: 
the semiconductive layers are about 0.5-2 mm each and the 
insulation layer about 3-30 mm. 



The three layers are normally extruded onto Che 
conductor at a low temperature (below 135»C) in order to 
prevent the crossl inking reactions from taking place 
during the extrusion process. After the extrusion step 
5 the construction is crosslinked in a pressurised 
vulcanising tube at an elevated temperature. 

LDPE (low density polyethylene), i.e. polyethylene 

prepared by radical polymerisation at a hi^h pi ' tJUOUl« auU 

crosslinked by adding a peroxide in connection with the 
10 extrusion of the cable, is today the predominant cable 
insulating material. Radical polymerisation results in 
long chain branched polymers having a relatively broad 
molecular weight distribution (MWD) . This in turn results 
in desirable rheolcgical properties with regard to their 
15 application as insulating materials for electric power 
cables. 

A limitation with LDPE lies in the fact that it is 
made by radical polymerisation. Radical polymerisation of 
ethylene is carried out at high temperatures of up to 

20 about 300°C and at high pressures of about 100-300 MPa. 
To generate the high pressures needed energy consuming 
compressors are required. Considerable investment costs 
are also required for the polymerisation apparatus which 
must be able to resist the high pressures and tempera- 

25 tures of radical initiated high pressure polymerisation. 

With regard to insulating compositions for electric 
power cables it would be desirable both from a technical 
and an economical point of view if it was possible to 
make an ethylene polymer with the advantageous properties 

30 of LDPE, but which was not made by radical polymerisa- 
tion. This would mean that insulation for electric cables 
could be made not only at plants for high pressure poly- 
merisation of ethylene, but also at the many existing 
plants for low pressure polymerisation of ethylene. In 

35 order to be a satisfactory replacement for LDPE such a 
low pressure material would have to fulfil a number of 
requirements for insulating materials, such as good pro- 



cessability, high dielectric strength and good cross - 
linking properties. It has turned out, though, that for 
various reasons existing low pressure materials are not 
suitable as replacement for LDPE as insulating material 

5 for electric cables. 

Thus, conventional high density polyethylene (HDPE) 
produced by polymerisation with a coordination catalyst 

of Ziegler-Natta type ah low p^fesgui ' ti iiat^ a luelLia g point 

of about 130-135*C. When a HDPE is processed in an extru- 
10 der the temperature should lie above the melting point of 
130-135°C to achieve good processing. This temperature 
lies above the decomposition temperature of the peroxides 
used for the crosslinking of insulating ethylene polymer 
compositions. Dicumyl peroxide e.g. which is the most 
15 frequently used crosslinking peroxide starts to decompose 
at a temperature of about ISS^C. Therefore, when HDPE is 
processed above its melting temperature in an extruder 
the crosslinking peroxide decomposes and prematurely 
crosslinks the polymer composition, a phenomenon referred 
20 to as "scorching". If, on the other hand the temperature 
is kept below the decon^>osition temperature of the per- 
oxide then the HDPE will not melt adequately and unsatis- 
factorily processing will result. 

Further, ethylene copolymers made by polymerisation 
25 with a coordination catalyst at low pressure, like linear 
low density polyethylene (LLDPE) are unsuitable due to 
poor processability. The processability may be in«>roved 
by polymerising the LLDPE in two or more steps (bimodal 
or multimodal LLDPE) , but such LLDPE includes high melt- 
30 ing HDPE fractions or components, particularly when the 
polymerisation is carried out with conventional Ziegler- 
-Natta catalysts, which makes LLDPE unsuitable for the 
same reason as conventional HDPE. 

In this connection WO 93/04486 discloses an elect- 
rically conductive device having an electrically con- 
ductive member comprising at least one electrically in- 
sulating member. The insulating member comprises an 
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ethylene copolymer with a density of 0.86-0.96 g/cm^ a 
melt index of 0.2-100 dg/min, a molecular weight distri- 
bution of 1.5-30, and a composition distribution breadth 
index (CDBI) greater than 45%. The copolymer of this 
5 reference is vinimodal as opposed to multimodal. 

WO 97/50093 discloses a tree resistant cable com- 
prising an insulation layer further comprising a multi- 
modal copolymer of ethylene, said copoj.ymer iidviiiy « 
broad comonomer distribution as measured by TREF. a low 
10 WTGR value and specified MFR and density values. More- 
over, a low dissipation factor is disclosed. The document 
does not discuss the problem of premature decomposition 
of the crosslinking peroxide. 

EP-A-743161 discloses a process for coextruding an 
15 insulation layer and a jacketing layer on a conductive 

medium. The insulation layer is a metallocene based poly- 
ethylene having a narrow molecular weight distribution 
and a narrow comonomer distribution. The document further 
reveals that the extrusion of the narrow molecular weight 
20 polymer at a low temperature is likely to lead to melt 
flow irregularities (so called melt fracture) . This 
problem can be overcome by coextruding the insulation and 
the jacketing layer simultaneously on the conductor. 

WO 98/41995 discloses a cable where the conductor is 
25 surrounded by an insulation layer comprising a mixture of 
a metallocene based PE having a narrow molecular weight 
distribution and a narrow comonomer distribution and a 
low density PE produced in a high pressure process. The 
addition of LDPE in metallocene PE is necessary to avoid 
30 the melt flow irregularities, which are the result of the 
narrow molecular weight distribution of the metallocene 
PE. 

In view of the above it would be an advantage if it 
was possible to replace crosslinkable LDPE made by 
35 radical initiated polymerisation as a material for the 

insulating layer of electric power cables by an ethylene 
polymer made by coordination catalysed low pressure poly- 



merisation. Such a replacement polymer should have rheo- 
logical properties, including processability similar to 
those of LDPE. Further, it should have a low enough 
melting temperature to be completely melted at 125«'C in 
5 order to avoid "scorch" due to premature decomposition of 
the crossl inking peroxide. 
summary of the invention 

It has now been discovered that LDPli may US IttpiacuU 

as a crbsslinkable material for the insulation layer of 
10 electric cables by a crossl inkable ethylene copolymer 
made by coordination catalysed low pressure polymerisa- 
tion which ethylene copolymer is a multimodal ethylene 
copolymer with specified density and viscosity and with 
melting temperature of at most 125*0. 
15 More particularly the present invention provides an 

insulating composition for an electric power cable which 
comprises a crossl inkable ethylene polymer, characterised 
in that the ethylene polymer is a multimodal ethylene co- 
polymer obtained by coordination catalysed polymerisation 
20 of ethylene and at least one other alpha-olefin in at least 
one stage, said multimodal ethylene copolymer having a 
density of 0.890-0.940 g/cmS a MPR2 of 0.1-10 g/10 min a 
MWD of 3.5-8, a melting temperature of at most 125°C and a 
comonomer distribution as measured by TREF, such that the 
25 fraction of copolymer eluted at a temperature higher than 
90*'C does not exceed 10% by weight, and said multimodal 
ethylene copolymer including an ethylene copolymer fraction 
selected from (a) a low molecular weight ethylene copolymer 
having a density of 0.900-0.950 g/cm^ and a MFR2 of 25-500 
30 g/10 min, and <b) a high molecular weight ethylene 

copolymer having a density of 0.870-0.940 g/cm^ and a MFR2 
of 0.01-3 g/10 min. 

Preferably, the polymer has a viscosity of 
2500-7500 Pa.s at 135''C and a shear rate of 10 s'^ 
35 1000-2200 Pa.s at 135»C and a shear rate of 100 s'^ 
250-400 Pa.s at ISB^C and a shear rate of 1000 s"^. 



A density in the lower part of the range, i.e. 
0.890-0.910 g/cm3 is aimed at when a very flexible cable 
is desired. Such cables are suitable for applicticns in 
cars, mines and the building industry. These low densi- 
5 ties are only possible to reach by using a single site 
catalyst such as a tnetallocene type catalyst, at least 
for the higher molecular weight fraction. When densities 

in the range fl.{jm-0.^4U ^/cm^ dLti Lhubuu, tin. j-coulfaing 

cables are stiffer, but have better mechanical strength 
10 values, and are therefore more suitable for non-flexible 
power supply cables. 

The present invention also provides an electric 
power cable comprising a conductor surrounded by an inner 
semiconducting layer, an insulating layer, and an outer 
15 semiconducting layer, characterised in that the insulat- 
ing layer comprises a crosslinked ethylene copolymer 
obtained by coordination catalysed polymerisation of 
ethylene and at least one other alpha-olef in in at least 
one stage, said multimodal ethylene copolymer having a 
20 density of 0.890-0.940 g/cm', a MFRj of 0.1-10 g/lO^min. a 
MWD of 3.5-8, a melting temperature of at most 125°C and 
a comonomer distribution as measured by TREF such that 
the fraction of copolymer eluted at a temperature higher 
than SO'C does not exceed 10% by weight, and said multi- 
25 modal ethylene copolymer including an ethylene copolymer 
fraction selected from (a) a low molecular weight 
ethylene copolymer having a density of 0.900-0.950 g/cm' 
and a MFRj of 25-500 g/10 min, and (b) a high molecular 
weight ethylene copolymer having a density of 0.870-0.940 
30 g/cm^ and a MFRj of 0.01-3 g/lO min. 

Preferably, the polymer has a viscosity of 
2500-7500 Pa.s at ISS'C and a shear rate of 10 s"* 
1000-2200 Pa.s. at ISS'C and a shear rate of 100 s"^ and 
250-400 Pa.s at 135»C and a shear rate of 1000 s"^. 
35 These and other characteristics of the invention 

will appear from the appended claims and the following 
description. 
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regards the production of multimodal polymers. According to 
these references, each and every one of the polymerisation 
stages can be carried out in liquid phase, slurry or gas 
phase . 

5 The catalyst used to produce the composition is a 

supported single site catalyst. The catalyst should pro- 
duce a relatively narrow molecular weight distribution 

and comonomer distribution lA iiLa^^ pulimci- . ioQti i an 

Also, the catalyst should be able to produce a high 
10 enough molecular weight so that good mechanical proper- 
ties are obtained. It is known that some metallocene 
catalysts are able to produce a high enough molecular 
weight. Examples of such catalysts are e.g. those based 
on siloxy-substituated bridged bis-indenyl zirconium 
15 dihalides. as disclosed in the Finnish patent application 
FI 960437 which have the general formula: 
(X.) (Xa) Zr (Ind-O-Si- (Ri) (R.) (R3) ) (Ind-O-Si- {R4) (Rs) (Re) > 
I R-7- 1 

where 

20 Xi and X, are either same or different and are selected 
from a group containing halogen, methyl, benzyl and 
hydrogen , 
Zr is zirconium, 
Ind is an indenyl group, 

25 Ri to Rfi are either the same or different and are selected 
from a group containing linear and branched hydrocarbyl 
groups containing 1-10 carbon atoms and hydrogen, 
R, is a linear hydrocarbyl group containing 1-10 carbon 
atoms, 

30 Si is silicon, and 
O is oxygen; 

or on n-butyl dicyclopentadienyl hafnium compounds dis- 
closed in FI-A.934917 which have the general formula: 
(Xa) (X2)Hf (Cp-Ri) (Cp-Ra) 
3 5 where 
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Xx and X2 are either same or different and are selected 

from a group containing halogen, methyl, benzyl or 

hydrogen, 

Hf is hafnium 

Cp i cyclopentadienyl group, and 

R, and R. are either the same or different and are either 
linear or branched hydrocarbyl groups containing l-lO 



carbon atoms. 

These catalysts may be supported on any known sup- 
10 port material, such as silica, alumina, silica-alumina 

etc. Preferably, the catalyst is supported on silica. 

They are used together with an aluminumoxane cocatalyst . 

Examples of these cocatalysts are e.g. methylaluminum- 

oxane (MAO), tetraisobutylaluminumoxane (TIBAO) and 
15 hexaisobutylaluminumoxane (HIBAO) . The cocatalyst is 

supported on the carrier, preferably together with the 

catalyst complex. 

When the aluminumoxane cocatalyst is supported on 
the carrier with the metal locene complex, a lower amount 
20 of the cocatalyst is needed than when it is introduced 
into the reactor separately. This is especially advan- 
tageous for a cable insulation material, since the low 
metal content results in a low dissipation factor. At the 
present invention the total metal contents (such as Al+Zr 
25 or Al+Hf) in the polymer preferably is less than 70 ppm, 
more preferably less than 50 ppm. 

According to the present invention, the main poly- 
merisation stages are preferably carried out as a com- 
bination of slurry polymerisation/gas-phase polymerisa- 
30 tion or gas-phase polymerisation/gas -phase polymerisa- 
tion. The slurry polymerisation is preferably performed 
in a so-called loop reactor. The use of slurry polymeri- 
sation in a stirred-tank reactor is not preferred in the 
present invention, since such a method is not sufficient - 
35 ly flexible for the production of the inventive composi- 
tion and involves solubility problems. In order to pro- 
duce the inventive composition, a flexible method is 



required. For this reason, it is preferred that the com- 
position is produced in two main polymerisation stages in 
a combination of loop reactor/gas -phase reactor or gas- 
-phase reactor /gas -phase reactor. It is especially pre- 
ferred that the conposition is produced in two main poly- 
merisation stages, in which case the first stage is per- 
formed as slurry polymerisation in a loop reacto r and the 
second stage is pertormea as gas-piieii*B tx^n xn 



a gas-phase reactor. Optionally, the main polymerisation 
10 stages may be preceded by a prepolymerisation, in which 
case up to 20% by weight, preferably 1-10% by weight, of 
the total amount of polymers is produced. Generally, this 
technique results in a multimodal polymer through poly- 
merisation with the aid of a single site catalyst such as 
15 a metallocene catalyst in several successive polymerisa- 
tion reactors. 

Alternatively, a multimodal polymer may be produced 
through polymerisation in one single polymerisation reac- 
tor with the aid of a dual site coordination catalyst or 
20 a blend of different coordination catalysts. The dual 

site catalyst may comprise two or more different single 
site or metallocene species, each one of which produces a 
narrow molecular weight distribution and a narrow comono- 
mer distribution. If a blend of catalysts is used, they 
25 need to be of a single site type of catalysts, such as 
metallocene catalysts. It is preferred, though, that the 
polymerisation be carried out in two or more polymerisa- 
tion reactors connected in series. 

In the production of a bimodal ethylene copolymer, a 
30 first ethylene copolymer fraction is produced in a first 
reactor under certain conditions with respect to monomer 
composition, hydrogen-gas pressure, temperature, pressure, 
and so forth. After the polymerisation in the first reac- 
tor, the reaction mixture including the copolymer fraction 
35 produced is fed to a second reactor, where further polyme- 
risation takes place under other conditions. Usually, a 
first copolymer fraction of high melt flow rate (low 



molecular weight) and with an addition of comonomer, is 
produced in the first reactor, whereas a second copolymer 
fraction of low melt flow rate (high molecular weight) and 
with an addition of comonomer is produced in the second 
5 reactor. As comonomer, use is preferably made of a-olefins 
having up to 8 carbon atoms, such as propene, 1-butene, 
4 -methyl -1 -pent ene, 1-hexene, and l-octene. The resulting 

end pif6aUflC omitjlfclLfct u£ au InLlmuifea miaitiuara of thp rnpn- 

lymers from the two reactors, the different molecular- 
10 -weight-distribution curves of these copolymers together 
forming a molecular-weight-distribution curve having one 
broad maximum or two maxima, i.e. the end product is a 
bimodal polymer mixture. Since multimodal, and especially 
bimodal polymers, and the production thereof belong to the 
15 prior art, no further detailed description is called for 
here, but reference is made to the above specifications. 

It should here be pointed out that, in the produc- 
tion of two or more polymer components in a corresponding 
number of reactors connected in series, it is only in the 
20 case of the component produced in the first reactor stage 
and in the case of the end product that the melt flow 
rate, the density and the other properties can be 
measured directly on the material removed. The corres- 
ponding properties of the polymer components produced in 
25 reactor stages following the first stage can only be 

indirectly determined on the basis of the corresponding 
values of the materials introduced into and discharged 
from the respective reactor stages. 

Even though multimodal polymers and their production 
3 0 are known per se, it is not previously known to prepare 

multimodal copolymers having the specific characteristics 
defined above and use them as insulating layers for 
electric power caJsles . 

As hinted above, it is preferred that the multimodal 
35 olefin copolymer in the cable -insulating composition 

according to the invention is a bimodal ethylene copoly- 
mer. It is also preferred that this bimodal ethylene 
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copolymer has been produced by polymerisation as above 
under different polymerisation conditions in two or more 
polymerisation reactors connected in series. Owing to the 
flexibility with respect to reaction conditions thus 
obtained, it is preferred that the polymerisation is 
carried out in a loop reactor/a gas-phase reactor, a 
gas -phase reactor/a gas-phase reactor or a loop reactor/a 
loop reactor. ' i ' h5 polyiUfcillbaLiuii uiDiidifeiono in t i h m pre 



f erred two- stage method are so chosen that a comparative- 
10 ly low molecular weight ethylene copolymer is produced in 
one stage, preferably the first stage, owing to a high 
content of chain- transfer agent {hydrogen gas) , whereas a 
high molecular weight ethylene copolymer is produced in 
another stage, preferably the second stage. The order of 
15 these stages may, however, be reversed. 

As mentioned above, the multimodal ethylene copolymer 
of the invention should have a density of 0.890-0.940 
g/cm^ . 

Further, the comonomer content of the multimodal 

20 ethylene copolymer of the invention should lie within the 
range 2-2 2 % by weight based on the copolymer. As the 
density of the copolymer is related to the comonomer con- 
tent and is roughly inversely proportional to the comono- 
mer content, this means that the lower density of 0.890 

2 5 g/cm^ corresponds to the higher comonomer content of 

about 18% by weight, whereas the higher density corre- 
sponds to the lower comonomer content of 2% by weight. 

As stated earlier, the comonomer of the ethylene 
copolymer of the present invention is selected from other 

30 alpha-olefins, preferably other Cj-Ce alpha-olef ins . It is 
particularly preferred that the comonomer is selected from 
at least one member of the group consisting of propylene, 
l-butene. 4 -methyl -1 -pent ene, 1-hexene, and 1-octene. 

The comonomer distribution of the polymer composi- 

35 tion should be such that the composition does not contain 
high density polyethylene having a high melting tempera- 
ture. This is the case if, when the coitposition is ana- 
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lyzed by TREF, the fraction of copolymer eluted at a 
teitperature higher than SCC does not exceed 10%. Pre- 
ferably, the fraction of copolymer eluted at a tempera- 
ture higher than 90»C does not exceed 7% and in parti- 
cular, no more than 5% of the copolymer elutes at a 
temperature higher than gCC. 

AS is seen from the enclosed TREF fractograms of 
Figs 1 and ' 2 6E kxawymb 3 auJ *, ueopoot A ifnl y. f he TREF 



-I. a.AAVA * 

fractogram of the copolymer according to the invention 
10 preferably contains two separate peaks. 

It is an essential characteristic of the multimodal 
ethylene copolymer of the present invention that it has a 
melting temperature (T„) of at most 125°C. This means that 
the multimodal ethylene copolymer does not contain any 
15 ethylene copolymer fraction with a melting temperature 
above 125''C. 

Another essential characteristic of the multimodal 
ethylene copolymer of the present invention is that its 
processing properties are similar to those of LDPE. More 
20 particularly, the multimodal ethylene copolymer of the 
invention preferably has a viscosity of ^ 
2500-7500 Pa.s at 135°C and a shear rate of 10 s'S 
1000-2200 Pa.s at 135°C and a shear rate of 100 s'S 



and 



25 



250-400 Pa.s at 135°C and a shear rate of 1000 s" - 
More preferably, the viscosity is as follows: 
4000-7000 Pa.s at 135°C and a shear rate of 10 s"^, 
1000-2000 Pa.s at 135°C and a shear rate of 100 s'S 



axiA 
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35 



300-350 Pa.s at 135°C and a shear rate of 1000 s" . 
The above viscosity values illustrate the processing 
behaviour of the multimodal ethylene copolymer of the 
invention very well. Further, the viscosity of the multi- 
modal ethylene copolymer determined by its melt flow 
rate, MFRj, should lie in the range 0.1-10.0, preferably 
O.S-7.0 g/10 min, more preferably 0.5-3.0 g/10 min, and 
most preferably 1.0-3.0 g/lO min. 
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The multimodal ethylene copolymer of the invention 
has a molecular weight distribution, MWD, of 3.5-8, pre- 
ferably 3.5-6, more preferably 4-6, and in particular 4- 
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in order to be crosslinkable the multimodal ethylene 
copolymer of the present invention should have a ^egree of 
unsatration of at least about 0-3-0.6 double bonds/1000 

carbon atoms . 

The multimodal ethylene copolymer is made up of at 
least two ethylene copolymer fractions and the properties 
of the individual copolymer fractions should be so chosen 
that the above specified values of density/comonomer con- 
tent, viscosity/melt flow rate, MWD and melting tempera- 
ture of the multimodal ethylene copolymer are achieved. 

Although the multimodal ethylene copolymer of the 
invention could in principle consist of a polymerised 
blend of any number of ethylene copolymer fractions, it 
is preferred that it consists of two ethylene copolymer 
fractions only, namely a low molecular weight (LMW) 
ethylene copolymer fraction and a high(er) molecular 
weight (HMW) ethylene copolymer fraction. 

The preferred multimodal ethylene copolymer of the 
invention is thus obtained by a two-stage polymerisation 
process, where a LMW ethylene copolymer fraction is 
produced in the first polymerisation stage and a HMW 
ethylene copolymer fraction is produced in the second 
polymerisation stage. Preferably for use in non-flexible 
power supply cable, the LMW ethylene copolymer fraction 
has a density of 0.925-0.940 g/cm^ and a MFR3 of 25-300, 
preferably 40-200, more preferably 50-100 g/10 min. For 
use in flexible applications the density should prefer- 
ably lie in the range 0.900-0.925 g/cm'. The comonomer 
content of the LMW ethylene copolymer fraction is prefer- 
ably 3-15 % by weight. The HMW ethylene copolymer 
fraction has such a density, comonomer content, and MFR 
that the multimodal ethylene copolymer obtains the values 
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of density/comonomer content, viscosity/melt flow rate, 
MWD and melting temperature specified above. 

For use in flexible cable, it is preferred that the 
LMW fraction has a lower density of 0.900-0.925 g/cm^ but 
5 similar MFRa- values as for non- flexible cable applications. 

More particularly, a calculation indicates that when 
the LMW ethylene copolymer has the above specified 
ualuigb, Llie HMW titliyl e ue uujjul^mei ' pvedu e ed in fehe oooond 
polymerisation stage of a two- stage process should have a 

10 density of 0,870-0.910 g/cm^ for flexible cable and of 
0.910-0.940 g/cm^ for non-flexible cable, and a MFR2 of 
0.01-3, preferably 0.1-2.0 g/lO min. Preferably the 
comonomer content is 20-15 % by weight in flexible com- 
positions and 18-2 % by weight in non-flexible ones. 

15 As stated in the foregoing, the order of the poly- 

merisation stages may be reversed, which would mean that, 
if the multimodal ethylene copolymer has a density and a 
viscosity as defined above, and the HMW ethylene copoly- 
mer produced in the first polymerisation stage has a 

20 density of 0.910-0.940 g/cm^ for non-flexible applica- 
tions and 0.870-0.910 g/cm^ for flexible ones, and a MFR2 
of 0.01-3 g/10 min, then the LMW ethylene copolymer pro- 
duced in the second polymerisation stage of a two-stage 
process should, according to calculations as above, have 

25 a density of 0.920-0.950 g/cm^ for non-flexible composi- 
tions and of 0.900-0.930 g/cm^ for flexible ones, and a 
MFR2 of 25-300 g/10 min. This order of the stages in the 
production of the multimodal ethylene copolymer according 
to the invention is, however, less preferred. 

30 In the multimodal ethylene copolymer of the inven- 

tion the LMW ethylene copolymer fraction preferably com- 
prises 30-60 % by weight of the multimodal ethylene co- 
polymer and, correspondingly, the HMW ethylene copolymer 
fraction comprises 70-40 % by weight. 

35 Besides the multimodal ethylene copolymer and a cross - 

linking agent the insulating composition of the present 
invention may include various additives commonly employed 
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in polyolefin compositions, such as antioxidants, process- 
ing aids, metal deactivators, pigments, dyes, colourants, 
oil extenders, stabilisers, and lubricants. 

in order to further illustrate the present invention 
and facilitate its understanding some non-restricting 
Examples are given below. 

In the Examples the following methods were used. 
MFka aai^imLli^a ui, lOO'O uoing 9 1 ft kfl ^0n<\, accord- 

ing to ISO 1133. 

Density determined using ISO 1183. 

TREF (Temperature Rising Elution Fractionation) 
described in L. Wild, T.R. Ryle, D.C. Knobeloch and I.R. 
Peak in Journal of Polymer Science: Polymer Physics 
Edition, vol. 20, 441-455 (1982). 

Ash content was determined by combusting the polymer 
and determining the amount of the residue. 

Contents of Al, Zr and Hf were determined by AAS 
(Atomic Adsorption Spectroscopy) . 

Dissipation factor was measured according to lEC 



20 250. 



Rifample 1 

134 g of a metallocene complex (TA02823 by Wxtco, 
n-butyl dicyclopentadienyl hafnium dichloride containing 
0 36% by weight Hf) and 9.67 kg of a 30% MAO solution sup- 

25 plied by Albemarle were combined and 3.18 kg dry purified 
toluene was added. The thus obtained complex solution was 
added on 17 kg silica carrier Sylopol 55 SJ by Grace. The 
complex was fed very slowly with uniform spraying during 
hours. Temperature was kept below 30-C. The mixture was 

30 allowed to react for 3 hours after complex addition at 

^ The thus obtained catalyst was dried under nitrogen 
for 6 hours at 75«C temperature. Then, the catalyst was 
further dried under vacuum for 10 hours . 

35 RTcamole 2 ^ ., j 

168 g of a metallocene complex (ethylene bridged 
siloxy- substituted bis-indenyl zirconium dichloride accord- 



ing to the patent application FI 960437) and 9.67 kg of a 
30% MAO solution supplied by Albemarle were combined and 
3.18 kg dry purified toluene was added. The thus obtained 
complex solution was added on 9 kg silica carrier Sylopol 
5 55 SJ by Grace. The complex was fed very slowly with 

uniform spraying during 2 hours- Temperature was kept below 
3 0**C. The mixture was allowed to react for 2 hours after 
^mupiex dJaiLimi at 30"c. 

The thus obtained catalyst was dried under nitrogen 
10 for 6 hours at 75*'C temperature. Then, the catalyst was 
further dried under vacuum for 10 hours. 
Example 3 

Into a loop reactor having a volume of 500 dm^ was 
introduced a polymerization catalyst prepared according to 

15 Example 1, propane diluent, ethylene, 1-butene comonomer 
and hydrogen. The reactor was operated at SS'^C temperature 
and 60 bar pressure. The feed rates of the components were 
such that 25 kg/h of polyethylene having MFR2 of 85 g/10 
min and density 934 kg/m^ was formed. The polymer contain- 

20 ing the active catalyst was separated from the reaction 
media and transferred to a gas phase reactor operated at 
75*^0 temperature and 20 bar pressure, where additional 
ethylene, hydrogen and 1-butene comonomer were added so, 
that in total 60 kg/h polyethylene having MFR2 of 2.6 g/lO 

2 5 min and density 913 kg/m^ was collected from the reactor. 
The fraction of the high MFR material (or low molecular 
weight material) in the total polymer was thus 42%. 

The metal contents of the polymer were analyzed- The 
total ash content was 390 ppm, the Hf content was 1 ppm and 

30 the Al content was 3 5 ppm. 

The viscosity of the polymer was measured at 10, 100 
and 1000 s"^ shear rates. They were found to be 5600, 2000 
and 3 60 Pa.s respectively - 

The polymer was analyzed by using TREE. The analysis 

35 revealed that 4.8% of the polymer eluted at at temperature 
higher than 90°C and 1.2% eluted at a temperature higher 
than 95^C (cf. Fig. 1). 
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Dissipation factor of the material was measured from 
3.0 mm thick compression moulded plaques at 500 V. It was 
found to be 2.010-* and 0.910-* as measured immediately 
after compression moulding and after 3 days aging, respec- 

5 tively. 

Rvamole 4 

The polymerization was conducted as in Example 3, with 

the exception tnat A (JdLdlvbL yxug.a». ' Gd aooQrding fn ETflTngllP 

2 was used and that the temperature of the loop reactor was 
10 75«>C. in the loop reactor 25 kg/h of polyethylene having 
MFR2 of 260 g/10 min and density 931 kg/m^ was formed. The 
polymer containing the active catalyst was separated from 
the reaction media and transferred to a gas phase reactor 
operated at 7 5»C temperature and 2 0 bar pressure, where 
15 additional ethylene, hydrogen and 1-butene comonomer were 
added so, that in total 52 kg/h polyethylene having MFRa of 
1.4 g/10 min and density 918 kg/m^ was collected from the 
reactor. The fraction of the high MFR material in the total 
polymer was thus 48%. 
20 The metal contents of the polymer were analyzed. The 

total ash content was 190 ppm, the Zr content was less than 
1 ppm and the Al content was 15 ppm. 

The viscosity of the polymer was measured at 10, 100 
and 1000 s-^ shear rates. They were found to be 6200, 1700 
25 and 330 Pa.s respectively. 

The polymer was analyzed by using TREF. The analysis 
revealed that 4.5% of the polymer eluted at a temperature 
higher than 90»C and 0.8% eluted at a temperature higher 
than 950" (cf. Fig. 2). 
30 Dissipation factor of the material was measured from 

3.0 mm thick compression moulded plaques at 500 V. It was 
found to be 0.910-* and 0.410-* as measured immediately 
after compression moulding and after 3 days aging, respec- 
tively. 
35 Byample 5 

The polymerization was conducted as in Example 4. in 
the loop reactor 25 kg/h of polyethylene having MFRa of 150 
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g/10 min and density 929 kg/m^ was formed. The polymer con- 
taining the active catalyst was separated from the reaction 
media and transferred to a gas phase reactor, where addi- 
tional ethylene, hydrogen and 1-butene comonomer were added 
so, that in total 52 kg/h polyethylene having MFR2 of 1.2 
g/10 min and density 915 kg/m' was collected from the 
reactor. The fraction of the high MFR material in the total 

piiiiyfflsr waa Uma 40%. 

The metal contents of the polymer were analyzed. The 
total ash content was 190 ppm, the Zr content was less than 
1 ppm and the Al content was 13 ppm. 

The viscosity of the polymer was measured at 10, 100 
and 1000 s-^ shear rates. They were found to be €800, 1800 
and 360 Pa.s respectively. 

The polymer was analyzed by using TREF. The analysis 
revealed that 4.2% of the polymer eluted at a temperature 
higher than 90«C and 0.7% eluted at a temperature higher 
than 95«C. Dissipation factor of the material was measured 
from 3.0 mm thick compression moulded plaques at 500 V. It 
was found to be 0.8 10** and O-S IO"* as measured immediately 
after compression moulding and after 3 days aging, respec- 
tively. 
Bvample 6 

into a sample of material produced in Example 3 was 
25 added 0.2-% by weight of 4 . 4 ' -thio-bis- (2 -tert-butyl-5- 
methyl -phenol) stabiliser and 1.9 wt-% dicumylperoxide 
(used as a crosslinking agent) . The composition was then 
compounded at a melt temperature of about IBQ-C. The cross- 
linking properties of the insulating composition were 
30 evaluated by the hot set test. In this test the elongation 
of dumbells was measured at 200*0 with a load of 0.2 MPa. 
The elongation was found to be 37% and the permanent defor- 
mation was found to be 1% . 
F.?yaTPple 7 

35 A model cable was produced using the composition 

according to Example 6 as an insulation layer. The model 
cable was produced by using of a triple extruder head where 
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an inner semi conductive layer, insulation layer and an 
outer semiconductive layer were extruded in one step onto 
the conductor without difficulties. The semiconductive 
layers comprised a crosslinkable ethylene-butyl acrylate 
copolymer (17% by weight of BA) containing about 40% by 
weight of carbon black. The thickness: inner semicon layer 
was 0.7 mm. the thickness of the insultation layer was 1.5 
mhi kaa Cnti LUHJkUtjfcm ul Uiu uutsL" oomiruifiiin 1 Bypr Wris 0 ^'=\ 



mm . 



The layers were coextruded through a triple head 
extruder onto a conductor using a temperature setting 
ranging from lOS-lSO'C. 
^f;.^a-rative TCxamnle 1 

For the polymerisation of ethylene a loop reactor and 
15 a gas -phase reactor connected in series were used together 
with a prepolymerisation reactor (Pre PR) . In addition to 
ethylene 1-butene was used as a comonomer in the loop 
reactor and the gas-phase reactor. Hydrogen was used as a 
modifier. The catalyst was a catalyst of Ziegler-Natta type 
20 and was added to the prepolymerisation reactor. Propane was 
used as a reaction medium in the loop reactor. The gaseous 
components of the product from the loop reactor were 
removed in a flash tank, whereafter the product was trans- 
ferred to the gas -phase reactor where the polymerisation 
25 was continued. The polymerisation conditions and the pro- 
duct properties are shown in Table 1. 

The material was analyzed by using TREF. It revealed 
that 26.1% of the polymer eluted at a temperature above 
90°C and 12.8% of the material eluted at a temperature 

30 above 95''C. 

After compounding the copolymer with 0.2 % by weight 
of Santonox R (a stabiliser), and adding 2.0 % by weight 
of dicumyl peroxide (crosslinking agent) the crosslinking 
properties of the insulating composition were evaluated 

35 by the hot set test. In the hot set test, the elongation 
of dumbbells was measured at 200°C with a load of 
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0.2 MPa. Decaline extraction was performed ASTM D 2765. 
The results are given in Table 2. 

Table 2 also shows the results of scorch- testing. 
The measurements were performed on a Brabender Plasti- 
corder PL 2000-6 at 5 rpm at 135"C. The oil heated 
Jcneader 350, 287 cm' with walzenkneaders W7646 was used. 
The time to increase the torque value by 10 Nra (Tio) from 
cne l llluluium ualuL (rma) wao mo as mrmrl 



It is evident from Table 2 that the insulating com- 
10 position according to this example which has too high 
viscosity and too high TREF values is somewhat scorch 
sensitive. The T^o time of 26 min should be compared with 
about 56 min for conventional crosslinkable LDPB. The hot 
set elongation was good. 
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Table 1 

First reactor (PRl) 
Temperature (''C) 
Pressure (MPa) 

Ethylene concentration (MPa) 
Hydrogen concentration (mol/kmol C2) 
1-butene concentration (mol/kmol C2) 



jjy<^aut ' L aidimlLy (y/^m^) 

MFR2 (g/10 min) 
10 f^f^cond r f>actor (PR2) 

Temperature {**C) 

Pressure (MPa) 

Ethylene concentration (MPa) 
Hydrogen concentration (mol/kmol C2) 
15 1-butene concentration (mol/kmol /C2) 
Split (product ratio PrePR : PRl : PR2 ) 
Rrtd product 

Product density (g/cm^> 

MFR2 (g/l.O min) 
20 MWD 

Melting temperature (°C) 

Comonomer content (% by weight) 

Degree of unsaturation (C=C/1000C) 

Apparent viscos ity (Pa.s) 
25 at 13 Sy 

Shear rate: 10 s'^ 

Shear rate: 100 s'^ 

Shear rate: 1000 s"^ 



85 
6.1 
0.66 
142 

630 
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75 
2.0 

I. 57 
30 
500 

1:42:57 

0.926 
0.53 

II. 3 
122 
7.7 
0.27 



7900 
1900 
360 
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Table 2 



Elongation/Set (%/%) 
Gel content (%) 
Scorch Tio min 
Scorch Faiin (nm) 



33/-1 
79.6 
26 
81 



35 



23 
CUVIMS 



1. An insulating composition for an electric power 
cable which comprises a crosslinkable ethylene polymer, 
characterised in that the ethylene polymer is 
a multimodal ethylene copolymer obtained by coordination 
catalysed polymerisation of ethylene and at least one 
other kigfla-myfliJ m at lauat ane obago, nr i iir l rrrnl f imnrlr i l 



ethylene copolymer having a density of 0.890-0.940 g/cm^ 
10 a MFR2 of 0.1-10 g/10 min, a MWD of 3.S-8, a melting 
temperature of at most 125°C. and a comonomer 
distribution as measured by TREF, such that the fraction 
of copolymer eluted at a temperature higher than 90*C 
does not exceed 10% by weight, and said multimodal 
15 ethylene compolymer including an ethylene copolymer 
fraction selected from (a) a low molecular weight 
ethylene copolymer having a density of 0.900-0.950 g/cm^ 
and a MFRj of 25-500 g/lO min, and (b) a high molecular 
weight ethylene copolymer having a density of 0.870-0.940 
20 g/cm^ and a MFR2 of 0.01-3 g/lO min. 

2. An insulating con^osition as claimed in claim 1, 
wherein the multimodal ethylene copolymer has a comonomer 
distribution as measured by TREF such that the fraction 
of copolymer eluted at a temperature higher than 90°C 

25 does not exceed 7% by weight. 

3. An insulating composition as claimed in claim 2, 
wherein the multimodal ethylene copolymer has a comonomer 
distribution as measured by TREF such that the fraction 
of copolymer eluted at a temperature higher than 90*C 

30 does not exceed 5% by weight. 

4 . An insulating composition as claimed in any one 
of claims 1-3, wherein the multimodal ethylene copolymer 
has a viscosity of 

2500-7500 Pa.s at 135°C and a shear rate of 10 s'^, 
35 1000-2200 Pa.s at 135°C and a shear rate of 100 s'^", and 
250-400 Pa.s at ISS^C and a shear rate of 1000 s''^. 



5. An insulating composition as claimed in claim 4, 
wherein the multimodal ethylene copolymer has a viscosity 

4000-7000 Pa.s at 135''C and a shear rate of 10 s , 
1000-2000 Pa.s at 135°C and a shear rate of 100 s'^ , and 
300-350 Pa.s at 135''C and a shear rate of 1000 s'^. 

6. An insulating composition as claimed in any one 
ot ciairtig i-b, WlltJlbilii Lh e uumonomcr o£ thra rnrnUmiPr ^f^ 



at least one member selected from the group consisting of 
10 propylene, 1-butene, 4 -methyl - 1 -pentene , 1-hexene, and 1- 
octene . 

7. An insulating composition as claimed in any one 
of claims 1-6, wherein the MWD is 4-5. 

8. An insulating composition as claimed in any one 
15 of claims 1-7, wherein the multimodal ethylene copolymer 

is a bimodal ethylene copolymer comprising 30-60 % by 
weight of a low molecular weight ethylene copolymer frac- 
tion and 70-40 % by weight of a high molecular weight 
ethylene copolymer fraction. 
20 9. An insulating composition as claimed in any one 

of claims 1-8, wherein the multimodal ethylene copolymer 
includes a low molecular weight ethylene copolymer frac- 
tion having a density of 0.900-0.950 g/cm^ and a MFRa of 

50-100 g/10 min. 

25 10. An electric power cable comprising a conductor 

surrounded by an inner semiconducting layer, an insulat- 
ing layer, and an outer semiconducting layer, cha- 
racterised in that the insulating layer com- 
prises a crosslinked ethylene copolymer obtained by 

30 coordination catalysed polymerisation of ethylene and at 
least one other alpha -olefin in at least one stage, said 
multimodal ethylene copolymer having a density of 0.890- 
0.940 g/cm', a MFRa of 0.1-10 g/10 min, a MWD of 3.5-8, a 
melting temperature of at most 125*'C, and a comonomer 

35 distribution as measured by TREF, such that the fraction 
of copolymer eluted at a temperature higher than 90»C 
does not exceed 10% by weight, and said multimodal 
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ethylene compolymer including an ethylene copolymer frac- 
tion selected from (a) a low molecular weight ethylene 
copolymer having a density of 0.900-0.950 g/cm^ and a MFR^ 
of 25-500 g/10 min, and (b) a high molecular weight 
ethylene copolymer having a density of 0.870-0.940 g/cm^ 
and a MFRa of 0.01-3 g/10 min. 
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ABSTRACT 



An insulating composition for an electric power 
cable, and an electric power cable comprising a conductor 
surrounded by an inner semiconducting layer, an insulat- 
ing layer, and an outer semiconducting layer, where the 
insulating layei! ' UUimlBLH u£ julJ inoulafa h ng rnmrnqi r i nn , 



are disclosed. The insulating composition is character- 
10 ised in that the ethylene polymer is a multimodal 

ethylene copolymer obtained by coordination catalysed 
polymerisation of ethylene and at least one other alpha- 
olefin in at least one stage, said multimodal ethylene 
copolymer having a density of 0.890-0.940 g/cm\a MFR. of 
15 0.1-10 g/10 min, a MWD of 3.5-8, a melting temperature of 
at most 125''C, and a comonoraer distribution as measured 
by TREF, such that the fraction of copolymer eluted at a 
temperature higher than SCC does not exceed 10% by 
weight, and said multimodal ethylene compolymer including 
20 an ethylene copolymer fraction selected from (a) a low 
molecular weight ethylene copolymer having a density of 
0.900-0.950 g/cm^ and a MFRj of 25-500 g/10 min, and (b) a 
high molecular weight ethylene copolymer having a density 
of 0.870-0.940 g/cm'.and a MFR2 of 
25 0.01-3 g/10 min. 
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